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In the majority of instances human beings or lower animals that 
have recovered from a  virus infection are free from further molesta- 
tion by the same agent.  This immunity may endure throughout an 
individual's life.  Vaccinations with attenuated viruses that are still 
active have also been shown to induce protection.  In certain cases, 
e.g.,  vaccination against smallpox, such measures regularly produce 
a  mild  infection.  Because  of  objections  that  have  been  brought 
against the production of disease, even though mild, by vaccination, 
many attempts have  been  made in  the  past  to  obtain  serviceable 
amounts  of  protection  with  vaccines  that  cause  no  evidences  of 
disease.  The results of this type of work have led to differences of 
opinion  regarding  tests  of  complete  inactivation of viruses and the 
antlgenicity of such inactivated materials.  It is not surprising that 
much  of the  work has been  conducted with the  virus  of vaccinia. 
The reports which are pertinent to the present investigation will be 
scrutinized in some detail because of the very great practical possibili- 
ties inherent in successful methods of immunizing against the viruses. 
A number of investigators (1-17) have relied on the action of heat to inactivate 
vaccine virus, while others (26-29) employed chemical  agents such as methylene 
blue, bile, and chloroform.  Inasmuch as our experiments  deal with the antigeni- 
city of formalin-treated vaccine virus and virus-free extracts of vaccine virus, we 
shall call attention only to the reports dealing with results of work in this  field. 
Hunt and Falk (1) allowed  vaccine virus to remain in contact with 0.1 per cent 
formalin for 12 hours and cutaneous inoculation of the material in rabbits did not 
produce lesions of vaccinia.  Subcutaneous injections of large amounts of the 
treated virus were made in rabbits and the animals treated in this manner were 
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found to be immune.  Gordon (2) found that the immunity following injections 
of virus suspension rendered noninfectious by the addition of 1 per cent phenol 
was less than that produced by injections of heat-killed vaccine.  Both kinds of 
treated virus were shown to be inactive by dermal inoculations in rabbits.  Kraus 
(18)  added 0.5 per cent phenol and 0.3 per cent formalin to different portions of 
vaccine virus and then tested them by means of application on the scarified skin 
of a  rabbit  to  determine whether  inactivation was  complete.  He  found  that 
monkeys and rabbits receiving the treated virus were partially and completely 
immune, respectively.  Bussel and Mayzner (19) added 0.1 per cent formaldehyde 
to vaccine virus, and held the mixture at 37°C. for 6 weeks.  Tests for the presence 
of active virus were  not  mentioned.  They report  that  children receiving the 
material subcutaneously were partially immune, while those who were injected 
intracutaneously had unusually severe reactions to subsequent vaccinations with 
active virus.  In rabbits, Bland (20) obtained irregular results with vaccine virus 
inactivated by the addition of 0.1 per cent formaldehyde or 1 per cent  phenol. 
In guinea pigs, however, he was able regularly to induce immunity with similar 
materials.  He tested for the presence of active virus by subcutaneous inoculations 
of some of the material in a  guinea pig followed by 2  serial passages.  Biglieri 
(21)  was unable to demonstrate an immunity in rabbits that had received for- 
molized (0.3 per cent) virus.  However, preparations inactivated by phenol (1 per 
cent) or ether induced immunity.  Presumably, by cutaneous inoculation in rab- 
bits,  the preparations were  shown  to  contain no  active virus.  In the case of 
phenol and ether, a long period of time was required to accomplish inactivation. 
Iwanoff (22)  used calf lymph to which had been added various amounts of for- 
maldehyde.  Complete inactivation of the material was demonstrated by corneal 
inoculations in guinea pigs.  Varying degrees of immunity were obtained in rab- 
bits and guinea pigs by injections of the  treated virus.  Gastinel, ReiUy, and 
Mortier (17) added 0.2 per cent of formol to vaccine virus.  Failure of an eruption 
to appear after inoculation of such material on the skin of a rabbit was taken to 
indicate inactivation of the virus.  Rabbits inoculated  7  times at  intervals of 
5 days with the treated virus were still entirely susceptible to cutaneous inocula- 
tions with active virus, although serum taken from the animals after the injec- 
tions was capable of neutralizing large amounts of virus.  Hilgers (23)  exposed 
vaccine virus to the action of 0.3 per cent formalin at 37°C.  for 5 days.  Such 
material failed to infect the cornea of a  rabbit and did not produce a  testicular 
reaction.  Rabbits injected subcutaneously with the treated virus either once or 
several times were later tested by dermal inoculation of potent virus.  In one 
experiment most of the animals were found resistant to inoculation of active virus; 
in most of the animals of other experiments the course of the vaccinal infection 
was only slightly modified.  Hilgers considers that the virus treated in this way 
retains some of its antigenicity, but that its immunizing action is too irregular to 
be relied upon for general use. 
Kramer (24) passed testicular vaccine virus through specially prepared basic 
filters which he had previously shown to hold back vaccine virus.  He does not ROBERT  ~'.  PARKER  AND  THOMAS  M.  RIVERS  7i 
mention  tests for the presence of active virus  in  the filtrates.  Rabbits were 
inoculated with the filtrates, and if more than 7 daily injections were made, re- 
sistance to potent virus resulted.  Recently, Salaman (25) used Seitz filtrates of 
dermal vaccine virus and found that a partial  immunity developed in rabbits as 
a result of several injections.  He states that only the filtrates proved to be free 
from active virus by cutaneous inoculations of guinea pigs were used for immuniza- 
tion. 
It is obvious that  the  reports of results obtained with  "inactive" 
vaccine virus are conflicting, and in the light of our present knowledge 
of viruses it is doubtful whether such reports are of value to one at- 
tempting to solve the problem of the antigenicity of these agents in 
an inactive  state.  In almost all cases, emulsions of infected tissues 
have served as the source of the vaccine virus.  In such a menstruum 
the virucidal action of heat and chemical agents is irregular,  because 
protein  and  cellular  detritus  present  in  a  tissue  emulsion  serve  as 
protective substances for the virus.  Furthermore,  the degree of heat 
employed,  or  concentration  of  chemical  agents  added  has  usually 
been only slightly,  if at  all  greater  than  the minimum  requirement 
for  inactivation  of  the  virus  as  determined  in  other  experiments. 
Moreover, in the instances in which tests of the treated material for 
the presence of active virus have been described, such tests have con- 
sisted of the inoculation  of only a  small portion of the emulsions in 
guinea  pigs  or rabbits,  whereas  for purposes  of immunization  large 
amounts  of  the  materials  were  used.  Such  a  procedure,  therefore, 
can hardly be accepted as a  conclusive demonstration of the absence 
of small amounts of active virus from the emulsions used for immuni- 
zation.  Finally,  according  to  published  reports,  few or no  precau- 
tions were taken to prevent the accidental transmission of vaccinia to 
the experimental animals from others frankly infected with the malady 
and  housed  in  proximity  to  them.  That  such  transmission  occurs 
readily has been shown by previous workers (30), and may take place 
even when  careful  attempts  are made  to prevent  it,  as will  appear 
later in the present report. 
Recent work (31,  32) on the purification  of the elementary bodies 
of vaccinia has made possible an accurate study, under properly con- 
trolled conditions,  of the response to these bodies in an inactive state. 
It is with this problem that  the present paper deals.  That  vaccine 
virus is intimately associated with these bodies is shown by the fact 
that  suspensions of them  are highly infectious  (32). 72  VACCINAL  TMMUNITY 
Methods and Materials 
Virus.--The  manner in which suspensions of relatively pure elementary bodies 
of vaccinia were obtained for the experiments has been described in detail in a 
previous communication  (32).  At this time it is sufficient to  state  that  such 
preparations contain practically nothing but elementary bodies in a  state of dis- 
persion compatible with an even and regular inactivation by heat or formalin. 
Inactivation of  Virus.--The  elementary  bodies  were  inactivated  either  by 
formaldehyde or heat.  Experience led us  to use formalin and  to  test for  the 
presence of active virus in treated materials in the following manner.  To large 
quantities of elementary body suspensions sufficient formalin was added to make 
the final concentration of formaldehyde 0.3 per cent.  The mixture of elementary 
bodies and formalin was allowed to remain in a  refrigerator for 10 days.  Then 
10 cc. were removed, and the elementary bodies after sedimentation in an angle 
centrifuge were resuspended in  1  cc. of Locke's solution and injected into the 
testicle of a rabbit.  4 days later the testicle was removed, and an emulsion was 
prepared, 1 co. of which was injected into the testicle of another rabbit.  4 days 
later another testicular passage was made.  None of the rabbits evidenced signs 
of a vaccinal infection and when tested for immunity to vaccinia some weeks later 
were found to be fully susceptible.  Another 10 cc. portion of the treated elemen- 
tary bodies were handled in a manner similar to that described above with the ex- 
ception that the testicular passages were made at 6  day intervals instead of 4. 
From these rabbits also no evidence of the presence of active vaccine virus in the 
treated material was found.  Thus 20 co. of the formalin-treated suspension of 
elementary bodies were tested for the presence of active virus.  In none of the ex- 
periments on immunity to be described were more than 18 cc. of this material in- 
jected into a rabbit.  Consequently a greater amount was tested each time than 
was used  for immunization of a  rabbit.  In some experiments the elementary 
bodies were concentrated and then enough formaldehyde was added to make a 
final concentration of 10 per cent.  After standing in the ice box 10 days the ma- 
terial underwent  a  tenfold dilution before being used.  Other  preparations of 
elementary bodies were  inactivated by heat.  To  accomplish this,  the  desired 
amount of material was sealed in large ampoules which were then immersed in 
boiling water for 2 hours. 
Soluble Antigens.--The method by which virus-free extracts of tissues contain- 
ing soluble antigens were prepared has also been described in a  previous paper 
(32).  The extracts of vaccinal infected tissue, either dermal or testicular, were 
freed fromvirus by filtration through collodion membranest which had an average 
pore diameter of 103.0 ~t.  These filtrates were then tested for presence of active 
virus in the manner described above and found to contain none.  They did con- 
tain the soluble antigens however, as demonstrated by means of the precipitin 
reaction. 
x The  membranes  were  prepared by Dr.  J.  H.  Bauer  of  the  Yellow  Fever 
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Anlmals.--Healthy, full grown rabbits were used in all of the experiments. 
Housing of Animals.--In order to avoid the accidental transmission of vaccinia 
to rabbits used in the experiments, animals were kept during the period of im- 
munization in a separate room not previously used for work on vaccinia, and rigid 
precautions were taken to prevent the introduction of active virus into this room. 
After immunization and just prior to the inoculation with active virus for the 
purpose of testing their resistance, the animals were transferred to a  room used 
for work on vaccinia. 
Injections.--As a  rule a  6  weeks course of injections was given, the rabbits 
being inoculated intraperitoneally on  2  successive days of each  week with  in- 
creasing amounts of material, v/z., 0.25, 0.50, 1.0, 2.0, 2.5, and 3.0 cc. 
Controls.--To control the technic of isolation, and to test the effect of heterolo- 
gnus antigens, certain rabbits were given no injections, while others were inocu- 
lated with typhoid vaccine or with meat infusion broth. 
Tests  for the Presence  of Antibodies in the Sera.--Samples of serum were collected 
from each rabbit at different times in order to test for the development of agglu- 
tinins, preeipitins, and neutralizing antibodies.  The method of conducting the 
agglutinin and precipitin reactions has already been described (31, 32).  Neutra- 
lization tests were carried out in the following manner.  A virus suspension was 
prepared by grinding with alundum the testicles of a rabbit inoculated 4 days pre- 
viously with vaccine virus.  20 cc. of Locke's solution were added; the resulting 
emulsion was centrifuged at 1500 ~.P.~. for 10 minutes; the supernatant liquid, 
designated as "undiluted virus suspension," was removed with a pipette and saved. 
Serial tenfold dilutions of the virus emulsion were prepared, and 0.30 co. of each 
were mixed with an equal volume of the serum to be tested.  After incubation at 
room temperature for 1 hour or longer, 0.25 cc. of each mixture were inoculated 
intradermally in a rabbit.  In order to avoid the individual variations in suscepti- 
• bility of rabbits to vaccinal infections, in so far as possible all samples of serum 
from one experimental animal were tested on a single rabbit at the same time.  By 
this means, consistent results in regard to changes in the neutralizing capacity of 
the serum of each animal were obtained. 
Tests of Resistance to Vaccinia.--After completion of a course of injections and 
collections of serum, the degree of immunity of each rabbit was tested by the 
dermal and intradermal inoculation of tenfold dilutions of vaccine virus and by 
the intratesticular injection of 1 co. of a  1:1000 dilution of the active agent.  3 
strains of virus were used.  The first had been carried for some time in culture 
and was of relatively  low pathogenicity for the rabbit; the second was a testicular 
strain, highly virulent; the third was the strain used in preparing the elementary 
body suspensions, and Was used in the form of a suspension of active elementary 
bodies.  These strains of virus are designated as "culture,"  "BH,"  and "C.L.," 
respectively. 74  VACCINAL IMMUNITY 
EXPERIMENTAL 
It has been reported by Craigie (33),  who worked under properly 
controlled conditions, that agglutinins, precipitins, and complement- 
fixing antibodies appeared in  the blood of rabbits  after inoculation 
with elementary bodies o~ vaccinia inactivated by formaldehyde or 
heat.  We have extended this work to include a study of the response 
of rabbits to inactive elementary bodies as evidenced by the neutraliz- 
ing  capacity  of  their  sera  and  resistance  to  infection with  active 
virus.  It has also been shown (31) that extracts of vaccinal infected 
tissues contain soluble substances reacting specifically with antivac- 
cinal serum.  We have studied the antigenicity of such extracts after 
removal of  active  virus  from  them by  filtration through  collodion 
membranes. 
In investigations concerning the response of animals to inoculation 
with noninfectious preparations of vaccine virus, it is desirable that 
suspensions of  the  active  agent  be  as  free  as  possible  from  other 
particulate or soluble materials in order that the action of virucidal 
agents may  be  regular  and  uniform.  Furthermore,  it  is  desirable 
that  the virus in  the preparations be  susceptible of  concentration, 
in order that a  representative sample may be tested for activity of 
the  treated  agent.  A  suspension of elementary bodies of vaccinia 
satisfies these requirements.  Soluble materials and particulate mat- 
ter different from the elementary bodies can be removed by repeated 
washing in dilute buffer and differential centrifugation, and the virus 
in the final preparations can be concentrated to any desired extent 
by means of the angle centrifuge.  Moreover, in such investigations 
care must be taken that rabbits do not become accidentally infected 
with vaccinia.  Consequently, throughout this work proper isolation 
precautions were observed. 
Experiment 1 
Before undertaking extensive studies to determine the response of 
rabbits to injections of noninfectious formolized elementary bodies of 
vaccinia and to virus-free extracts of dermal vaccine virus, it seemed 
best to carry out one or two orientation experiments. 
4 rabbits were used from which samples of serum were collected before the in- 
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inactivated by the addition of 0.3 per cent formaldehyde, and two received in- 
jections of an extract of dermal vaccine virus freed from active virus by filtration 
through collodion membranes.  Inoculations were made weekly over a period of 
6 weeks.  15 cc.  of material were given each animal.  At first, injections were 
made intravenously,  but, after the third administration of the filtrate, one of the 
rabbits died in convulsions  within a few minutes.  The remaining rabbits, there- 
fore, were subsequently injected intraperitoneally.  Blood was taken again from 
each animal 1 week after the last injection, and the rabbits were tested for im- 
TABLE  I 
Results of Inoculation of Rabbits witk Formolized (0.3 Per Cent) Elementary  Bodies 
and Virus-Free Filtrate of Dermal Vaccine Virus Extract 
Serum* 
.~N 
•  .-~.~ 
$  "~" 
8-37  --  --  -- 
8-38  --  --  -- 
8-39  --  --  -- 
8-40  --  --  -- 
9-10 
Inocula 
Formolized  elemen- 
tary  bodies 
tt  ~t 
Dermal filtrate 
t¢  ts 
None 
32 
32 
Serum* 
.o~  ".~ 
•  ~.~  .~ 
~  Z 
s  l 
4  16 
Died 
102,  103,  104 
Virus  inocu- 
lationf 
C .L.~ 
C.L. 
C.L. 
C.L. 
10  7 
10 5 
10  6 
10  7 
* Figures indicate highest dilution of serum giving perceptible agglutination or pre- 
cipitation,  or the number of "infectious doses" of vaccine virus neutralized by an equal 
volume of serum.  Neutralization tests were performed on different rabbits and results, 
therefore, are irregular. 
t Figures indicate highest dilution of virus giving perceptible lesions• 
:~ C. L. signifies Connaught Laboratory strain of vaccine virus, propagated on scari- 
fied skin. 
munity to active virus after another week.  In this experiment a suspension of 
active elementary bodies was used in the test of resistance. 
The results of the experiment are summarized in Table I.  None of 
the rabbits possessed agglutinins or precipitins for vaccine virus prior 
to the inoculations.  Afterward,  these antibodies were present in all. 
The  titer  of agglutinins ranged  from  1:8 to  1:32;  that of precipitins 
from 1 : 2  to  1 : 16.  Neutralization  experiments were carried out only 
on  samples  of  serum obtained  after  completion  of  the  course  of  re- 76  VACCI~AL  ~I~IT¥ 
peated  inoculations.  The  pooled  sera  of  the  2  rabbits  inoculated 
with inactive elementary bodies neutralized l0  s to 104 infectious units 
of virus, while the serum  of the  animals  that  received virus-free ex- 
tracts  neutralized  from  1  to  l0  s  units.  Although  these  tests  were 
done  on  different  rabbits  at  different  times  and  the  neutralization 
titers are not comparable, yet it is evident that the sera were capable 
of neutralizing moderate amounts of active virus.  It is noteworthy 
that the animals inoculated with inactive elementary bodies possessed 
more humoral  antibodies  than  did  the  one  that  received the  virus- 
free filtrate.  When tested for resistance to vaccinia by means of in- 
tradermal  inoculations  of active  elementary bodies,  the  treated and 
control  rabbits  responded  in  a  similar  manner  with  the  exception 
that the former developed considerable edema at the sites of inocula- 
tions shortly after the injections were made.  The edema disappeared 
within  48  to  72  hours,  after which  the lesions and  the  titers of the 
virus in all of the animals were not strikingly different. 
Experiment 2 
In  the previous experiment it was  shown  that  agglutinating,  pre- 
cipitating,  and  virus-neutralizing  antibodies  appeared  in  the  serum 
of rabbits  inoculated  repeatedly with  small  doses of preparations  of 
noninfectious elementary bodies, while resistance to infection with  a 
strong virus was not appreciably altered.  It then seemed advisable 
to  learn  whether  a  single  inoculation  of  a  large  quantity of inactive 
virus would be more effective. 
In order to give at one time a quantity of virus similar to that previously used 
in repeated doses, it was desirable to reduce the volume in which it was contained. 
This was done as follows:  A suspension  of elementary bodies was prepared in the 
usual manner to which 0.3 per cent of formaldehyde was added.  Mter remaining 
in contact with the formaldehyde for 2 weeks the elementary bodies were sedi- 
mented in the angle centrifuge and taken up in a small amount of Locke's solution. 
Each 1.5 cc. of the concentrated material represented the amount of virus con- 
tained in 20 cc. of the original  preparation, while the concentration of formalde- 
hyde was greatly reduced.  Samples of serum were taken from two rabbits and 
then each animal received 1.5 cc. of the concentrated inactive virus, 0.5 cc. intra- 
dermally and 1.0 cc. intratesticularly.  In neither animal did local reactions and 
fever occur.  2 weeks later blood was taken again for the study of humoral anti- 
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The  results  of  the  above  experiment  are  set  forth  in  Table  II. 
Before treatment the rabbits possessed no demonstrable humoral anti- 
bodies for vaccine virus.  Afterwards,  however,  agglutinin  and  pre- 
cipitin  titers  were  1:256  and  1:2  or  zero,  respectively, and  the sera 
neutralized  1 infectious  dose of virus.  Control  and  treated  rabbits 
responded  in  the  same manner  to  inoculations  of  BH and  culture 
viruses.  Samples  of  serum  collected  from  the  treated  and  control 
TABLE  II 
Results of Inoculation of Rabbits with Single Massive Injections of Formolized (0.3 
Per Cent) Elementary Bodies Injected IntradermaUy and Intratesticularly 
Serum*  Serum*  Virus inoculation~ 
Rab- 
bit 
No. 
5-76 
5-78 
5-75 
5-77  --~  --  t  --  t  _t  ,, 
5-79 
~  o  ~  ~  ~*~ 
Serum* 
Formolized 
elementary 
bodies 
tt  ~ 
None 
256  2  2  i  c~;  lO  4BH§  IO  6 
256  2  --  1  C,10  sBH  108 
--  C  104 BH  10  s 
.....  ~--  C  104BH  10  e 
C  104BH  i0  ~ 
°F. 
105.7  %  1024  16 
105.5  "4-  512  16 
105.3  -b  512  2 
105.fi  -}-  512  4 
105.4  q-  1024  2 
16  i0  ( 
32  lo  ~ 
1  lo  t 
4  lo  ~ 
1  !  I0  ~ 
* Figures indicate highest dilution of  serum giving perceptible agglutination or pre- 
cipitation, or the number  of  "infectious doses" of vaccine virus neutralized by an equal 
volume of serum. 
t  Figures indicate highest dilution of virus giving perceptible lesions. 
:~ C  indicates culture  vaccine virus. 
§ BH  indicates New  York  City Board  of  Health  vaccine virus, propagated  in  tes- 
ticles of rabbits. 
animals after the test for resistance to active virus neutralized  106 in- 
fectious  doses  of  virus  and  possessed  agglutinin  titers  of  1:512  to 
1 : 1024 and precipitin titers of 1 : 1 to 1 : 32.  It is interesting  to note 
that there was a marked difference between the precipitin titers,  1 : 16 
-1:32,  of serum from previously treated  rabbits and the titers,  1:1- 
1:4,  of serum  from  the  controls  that  had  not had  any inoculations 
prior  to  the  injections  of active virus.  This  fact seems to  indicate 78  VACCINAL  TM~UNITY 
that some change had occurred in the rabbits as a consequence of the 
inoculation of inactive elementary bodies although it was not evident 
in the tests for resistance to infection with active virus. 
From the results of this experiment it is obvious that the adminis- 
tration of the inactive virus in  1 large dose is no more effective than 
repeated injections of small doses.  In fact, in view of the results ob- 
tained in subsequent experiments it appears that the former method 
is less effective than the latter. 
Experiment 3 
Since it appeared from the results of the experiments just described 
that the rabbits showed a  certain amount of response to injections of 
inactive elementary bodies, we decided to carry out more extensive 
and better controlled experiments in which the animals after receiving 
repeated  inoculations  of  inactive  elementary  bodies  or  virus-free 
extracts of dermal vaccine virus were tested for resistance to infection 
with a  weak virus as well as with a  very potent one. 
10 rabbits  were used.  Of these, 3 received repeated  inoculations of a sus- 
pension of elementary bodies inactivated by addition of 0.3 per cent formaldehyde, 
3 received virus-free extract of dermal virus, 2 control rabbits were injected with 
meat  infusion broth and 2 with typhoid vaccine.  The materials were prepared, 
and the inoculations were made over a period of 6 weeks as described above under 
Methods and Materials.  2 weeks after the last set of injections the rabbits were 
tested for resistance to 2 kinds of active virus administered dermally, intraderm- 
ally, and intratesticularly.  A second inoculation of the potent virus was given 
2 weeks later.  Each time the treated rabbits were inoculated with active virus, 
normal control rabbits  also received similar inoculations.  Serum  was collected 
from each rabbit before treatment and at different times during the experiment 
for the study of humoral antibodies. 
When  one  examines the  results  of Experiment 3,  summarized in 
Table III, it is immediately obvious that none of the rabbits possessed 
humoral antibodies against vaccine virus at the beginning of the ex- 
periment and that the repeated injections of meat infusion broth or 
of typhoid vaccine did not produce antiviral antibodies or resistance 
to  vaccinia in  the  animals  receiving them.  The rabbits  that  were 
treated with formolized elementary bodies or with virus-free extracts 
of dermal virus developed fair agglutinin and precipitin titers ranging ROBERT  ]~.  PARKER  AND  THOMAS  M.  RIVERS  79 
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from 1:64 to 1:512 and from 1:8 to  1:16, respectively.  The neutra- 
lizing titers of the same sera, however, were very low, inactivating only 
1 to 10 infectious doses of active virus.  It is true that one of these 
sera  (0-40) inactivated 100  doses  of virus in one test, but when in- 
vestigated again it neutralized only 1 dose. 
One of the 3 rabbits that had been treated with inactive elementary 
bodies  showed no  evidence of infection when inoculated dermally, 
intradermally, and intratesticularly with culture virus,  an  agent of 
weak pathogenicity for rabbits.  Another animal of this group simi- 
larly inoculated showed a vaccinal lesion only at the point where the 
lowest dilution  of  the  culture virus  was  introduced intradermally. 
The third animal of the group received dermal, intradermal, and in- 
tratesticular  inoculations  of  BtI  virus,  an  agent  of  strong patho- 
genicity for the rabbit, and showed only a slight amount of resistance 
to infection.  In fact, it was necessary to compare the lesions in  the 
treated rabbit with those in a control in order to  appreciate that the 
inoculations of inactive elementary bodies had modified the course of 
the infection. 
Of the 3 rabbits treated with virus-free extracts, 2 were tested with 
active culture virus and 1 with  the  BH virus and  evidenced much 
less  resistance than did  those that had been treated with inactive 
elementary bodies.  No lesions occurred at the sites of dermal inocu- 
lation of culture virus.  Lesions did occur, however, as the result of 
intratesticular and intradermal injections of the active agent, and one 
of the animals had fever.  Although 103 and 10  ~  dilutions of the virus 
produced  lesions  when  injected  intradermally  such  lesions  were 
definitely different from those that occurred in controls.  The rabbit 
that was  tested with  the  BH virus  showed no evidence of having 
been  benefited by  the treatments with virus-free extracts; in fact, 
it died of the vaccinal infection. 
Samples of serum collected from treated and control rabbits 2 weeks 
after  the  first  inoculations of  active  virus  gave  interesting  results 
when  tested  for  humoral  antibodies.  All  of  the  control  animals 
showed good titers of agglutinins, precipitins, and neutralizing anti- 
bodies.  Rabbit  0-41 that received active BH virus after treatment 
with inactive elementary bodies and developed a  definite infection, 
showed a  rise  in the amount of all humoral antibodies, and animal ROBERT  F.  PARKER  AND  THOMAS 1~.  RIVERS  81 
0-50  that received active culture virus after treatments with virus- 
free extracts and developed an infection, also  showed a  marked rise 
in its neutralizing antibodies.  The other treated rabbits (0-39, 0-40, 
0-47)  after inoculations of the active culture virus showed either no 
change or a  decrease in the amounts of agglutinins, precipitins, and 
neutralizing antibodies. 
In order to determine whether the findings just described were due 
to defects in the methods of testing the humoral antibodies or repre- 
sented a failure of the weak culture virus to enhance a slight amount 
of immunity already present, the animals were reinoculated with the 
potent BH virus.  The rabbits that had responded to the first inocu- 
lations of active virus with evident infections manifested on this oc- 
casion a fairly high degree of resistance with lesions only at the sites 
of inoculation of 1:100  and 1:1000  dilutions of the virus and no in- 
crease in their titers of neutralizing antibodies.  On the other hand, 
the treated rabbits, previously refractory to active weak culture virus, 
developed lesions at the sites of inoculation of 1:100,000  dilutions of 
the  BH  virus;  necrotic areas appeared in the center of  the  lesions 
caused by undiluted virus and that diluted ten times; and there was 
a sharp rise in the neutralizing titers of the sera.  In comparing the 
neutralization titers of samples of serum from rabbit 0-40 only the 
bracketed figures should be considered at this time. 
When one examines the results (Table III)obtained by inoculating 
normal rabbits with culture virus and compares them with the ones 
just described it  seems that a  weak immunity induced by inactive 
virus or virus-free material can at times interfere or prevent an en- 
hancement of this slight amount of resistance by means of a  weak 
active agent. 
Experiment 4 
In order to determine whether an increase in the length of time 
that the elementary bodies remained in contact with the 0.3 per cent 
formaldehyde or whether a  moderate increase in  the  concentration 
of formaldehyde used for inactivation of the virus would yield results 
different from those obtained in Experiment 3,  another experiment 
was carried out in the following manner. ! 
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A portion of the elementary body suspension prepared for Experiment 3 was 
employed; the virus had been in contact with 0.3 per cent formaldehyde for a 
period of over 3 months.  The material was divided into 2 portions.  To one of 
them sufficient  formaldehyde was added to increase the final concentration from 
0.3 to 1.0 per cent.  After a period of i0 days the suspensions were used for the 
repeated intraperitoneal inoculation of rabbits according to the schedule used in 
the previous experiment.  2  rabbits were used for each of the preparations of 
elementary bodies, 2 rabbits received meat infusion broth, and 2 rabbits received 
no injections.  Samples of serum were collected and studied,  and  the animals 
were tested twice for immunity to active virus as in Experiment 3. 
An examination of the results of the above experiment, summarized 
in Table IV, reveals that they are similar to those recorded for Experi- 
ment  3  and  indicate  that  contact  of  elementary  bodies  of vaccinia 
with  0.3  per  cent  formaldehyde  for  3½  months  or  contact  with  0.3 
per  cent  formaldehyde  for over 3  months  followed by contact  with 
1.0 per cent of  it for 10 days does not completely destroy their anti- 
genicity.  Inasmuch as the results are similar to those of Experiment 
3,  a  detailed  discussion  of them will be omitted. 
Two points of special interest are found in Table IV.  5 of the rabbits, Nos. 
2-50, 2-51, 2-52, 2-53,  and 4-59, rapidly developed a marked edema, which sub- 
sided within 48 to 72 hours, at the sites of the second set of inoculations of active 
virus.  After  the  disappearance of the  edema,  the  vaccinal lesions  seemed  to 
proceed in the usual manner.  Inasmuch as antiviral antibodies appeared in its 
serum during the time that only injections of broth were being administered, it 
is obvious that rabbit 2-54 became accidentally infected with vaccinia in spite of 
precautions taken to prevent such an occurrence.  Moreover, the high neutraliz- 
ing titer  (105) of the serum of rabbit 2-51 that  received elementary bodies in- 
activated by 0.3  per cent  formaldehyde and  the  relatively good resistance to 
potent BH virus subsequently evidenced by the animal, lead one to suspect that 
an accidental infection with active virus also occurred in this rabbit. 
Experiment 5 
The  experiments  described  above  demonstrated  that  moderate 
amounts  of  formaldehyde  decrease  but  do  not  completely  destroy 
the antigenicity of the elementary bodies of vaccinia.  It seemed de- 
sirable  therefore,  to  ascertain  whether  more  drastic  treatment  with 
formaldehyde or heat  is  capable  of  effecting such  a  destruction. 
A suspension of highly purified elementary bodies was prepared and divided 
into 2 portions.  One portion was boiled for 2 hours.  The elementary bodies in 84  VACCINAL  IM~MUNITY 
the other portion were sedimented by centrifugation  and resuspended  in a small 
amount of 10 per cent formaldehyde.  After 10 days the formolized  suspension 
was diluted  with 10 times its volume of buffer solution.  2 rabbits  received re- 
peated intraperitoneal  inoculations  of the formolized  elementary bodies,  2 were 
inoculated  with the boiled elementary bodies, and 2 that were given virus-free  ex- 
tracts prepared from emulsions of tissues  containing  herpetic virus served as con- 
trols.  Inasmuch  as the suspension  of elementary  bodies was more concentrated 
TABLE  V 
Results of Inoculation of Rabbits with Elementary Bodies Inactivated by Means of 
10 Per Cent Formaldehyde or by Boiling 
Seruln* 
Rabbit  o  ~  ~ 
•  -  .*2-'6 
<  ~  iZ 
3-44 
3-45 
3-46 
3-47 
3-54 
3-56 
5-00 
5 -02 
5-01 
5-03 
Inocula 
I Formolized  elementary 
--  --  --i  bodies 
--  --  ]  -  Heated  elementary 
bodies 
-  -i  --  Herpes  virus  extract 
plus swine serum  i  u  . 
None 
[  ,, 
u 
Serum*  Virus inoculatlont 
"~.-~ 
<: 
2 
2 
8 
i 
N  N  ~ 
i °F- 
BI-I  104  10  ~  --  104.5 
C  103  10  ~  4-  102.8 
BH  104  104,  +  106.0 
t 
C  10  3  101  --  ]103.8 
BH  1051  105  +  105.4 
C  10!  10  z  - 
BH  :  104  104  -~  105  8 
C  I 10  a  101  -[-  102.8 
BH  i05  105  +  106.4 
103  102  --  101.8 
Serum* 
256  16 
128  4 
128  16 
64  4 
256  8 
22 
512  16 
64  -- 
256  16 
32  1 
.o 
I06 
10  3 
I  10  ~ 
10  S 
106 
1106 
104 
10  ~ 
104 
* Figures indicate highest  dilution of serum giving perceptible  agglutination  or pre- 
cipitation,  or the number of "infectious doses" of vaccine virus neutralized by an equal 
volume of serum. 
t  Figures indicate highest dilution of virus giving perceptible lesions. 
:~ Animal  developed snufltes;  temperature determinations, therefore,  are not significant. 
than those previously used, each rabbit received  only 12 cc. of material given in 
6 doses over a period of 3 weeks.  Serum was collected from all the rabbits at the 
beginning  of the experiment  and at different  times during it.  2 weeks after com- 
pletion of the series  of injections the treated rabbits  and normal  controls  were 
tested for resistance  to active BH and culture viruses. 
The  results  of  Experiment  5,  summarized  in  Table  V,  show  that 
repeated  inoculations  of  elementary  bodies  that  had  been  boiled  or ROBERT  I?.  PARKER  AND  THOMAS  M.  RIVERS  85 
treated with 10 per cent formaldehyde did not induce in rabbits the 
production  of  precipitins,  neutralizing  antibodies,  or  resistance  to 
active  vaccine  virus.  However,  a  few  agglutinins,  titers  ranging 
from  1:2  to  1:32,  did appear in the sera of the inoculated rabbits. 
Experiment 6 
It has been stated (34) that virus-free extracts of testicular vaccine 
virus  although  containing  substances  precipitable  by  antivaccinal 
serum, do not induce the production in rabbits of antiviral antibodies. 
In Experiments 1 and 3, however, we found that animals repeatedly 
inoculated with virus-free extracts of dermal vaccine virus developed 
humoral antibodies and in certain instances a  slight amount of re- 
sistance to infection with vaccinia.  Inasmuch as some workers have 
suggested (34)  that the precipitinogen in these extracts is a haptene, 
it occurr.ed to us that  perhaps an incomplete antigen or haptene in 
the dermal extracts was completed by the foreign protein liberated 
by the bacteria inevitably present in dermal virus.  We tested this 
idea by using as inocula virus-free extracts containing the precipitin- 
ogen  or  precipitinogens prepared  from  testicular vaccine virus  free 
from bacterial contaminants, and such extracts to which sterile swine 
serum had been added.  Virus-free extracts of testicular herpes virus 
plus swine serum were used as control inocula. 
An emulsion  of testicular vaccine virus was prepared by grinding dried infected 
testicular tissue with Locke's solution; 100 cc. of fluid were used for each gram of 
dried material.  After centrifugation the emulsion was passed through a Seitz 
filter and then a collodion membrane.  The filtrate was shown to be virus-free. 
The material was divided into 2 portions.  One portion was used for inoculation 
without further treatment.  To the other was added sufficient  sterile swine serum 
to make its concentration 10 per cent.  As a control a similar  preparation of herpes 
testicular virus was made to which pig serum was added.  3 rabbits received the 
vaccine virus extracts alone, 2 the vaccine virus extracts plus swine serum, and 
3 the herpes virus extracts plus swine serum.  Each rabbit  received 12 cc. of 
material administered intraperitoneally in 6 doses over a period of 3 weeks.  Sam- 
ples of serum were collected  at different times for the study of humoral antibodies. 
2 weeks after the last inoculations, the animals were tested for resistance to infec- 
tion with vaccinia, both culture and BH strains of virus being used. 
The results of Experiment 6, summarized in Table VI,  show that 
the animals receiving the extract of testicular herpes virus plus swine Serum*  [ 
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serum developed no  antivaccinal antibodies,  while  those  that  were 
given  extracts  of  testicular  vaccine  virus  or  extracts  of  testicular 
vaccine virus plus  swine serum only responded with the production 
of slight amounts--in some instances none--of agglutinins, precipitins, 
and protective or neutralizing antibodies.  Furthermore, it is obvious 
TABLE  VI 
Results of lnoculatlon of Rabbits with Virus-Free Filtrate of Testicular Vaccine Virus 
Extract and Virus-Free Filtrate of Testicular Virus Extract Plus Swine Serum 
86 
Inocula 
Testicle  virus 
extract 
Testicle  virus 
extract plus 
swine serum 
Herpes  virus 
extract plus 
swine serum 
None 
~c 
Serum*  .  Virus inoculationt  I  Serum* 
* Figures indicate  highest dilution  of  serum giving perceptible  agglutination  or pre- 
cipitation,  or  the number of "infectious doses" of vaccine virus neutralized by  an equal 
volume of serum. 
t  Figures indicate highest dilution of virus giving perceptible lesions. 
Animal developed snuffles; temperature determinations are, therefore, not significant. 
that the addition of swine serum to the extract of testicular vaccine 
virus did not make the latter material a better antigen for the stimu- 
lation of antivaccinal antibodies.  None of the rabbits evidenced, as 
a  result of the repeated inoculations, an appreciable degree of resis- 
tance to infection with vaccinia; in fact, 3 of them died.  Accurate ROBERT  F. PARKER  AND  THOMAS  M.  RIVERS  87 
readings of the reactions were difficult because of the marked spread- 
ing  of the  infection  around  the  sites of inoculation  which  doubtless 
occurred in consequence of the rabbits having received large amounts 
of material containing the "spreading factor" of Duran-Reynals  (35). 
In  Experiments  1 and  3  the  rabbits  that  received inoculations  of 
virus-free  extracts  of  dermal  vaccine  virus  produced more humoral 
antibodies and evidenced more resistance,  even though it was not a 
great amount,  than did the animals in Experiment  6 that were given 
injections of virus-free extracts of testicular vaccine virus.  This dis- 
crepancy in the results of the two sets of experiments may be accounted 
for in two ways.  Firstly, in Experiments 1 and 3 each rabbit received 
15  and  18  cc.  of  dermal  extracts,  respectively,  administered  in  12 
doses over a  period  of 6  weeks, while  in  Experiment  6  each  rabbit 
received only 12 cc. of testicular extract administered in 6 doses over 
a period of 3 weeks.  Secondly, according to our findings, the concen- 
tration  of  the  precipitable  vaccinal  substances  or  antigens  in  the 
dermal extracts is greater than  in the testicular extracts. 
Experiment  7 
Having determined that humoral  antibodies and a  certain  amount 
of resistance to vaccinia can be produced in rabbits by the repeated 
injection  of  inactive  formolized  elementary  bodies  and  virus-free 
preparations  of the precipitable vaccinal antigens,  we decided to in- 
vestigate  their  persistence  for  a  comparison  with  the  phenomena 
that  follow a  frank  infection  with  vaccine  virus.  To  this  end  the 
following experiment was carried out. 
The rabbits were treated with inactive formolized  elementary bodies of vaccinia, 
virus-free filtrates of dermal vaccine virus, typhoid vaccine, and meat infusion 
broth in a manner identical with that employed in Experiment 3 with the exception 
that they were held for 114 days, instead of 14, after the series of inoculations be- 
fore being tested for resistance to infection with active vaccine virus.  1 rabbit re- 
ceived inactive elementary bodies, 1 virus-free filtrate,  1 typhoid vaccine, and  1 
broth.  For comparison  2 rabbits  were inoculated with  active  BH virus  and 
held in another room.  At the beginning, during, "and at the end of the experiment 
samples of serum were collected from each rabbit for the estimation of humoral 
antibodies. +  i  m 
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From the results of Experiment 7, summarized in Table VII, it is 
at  once apparent that none of the animals possessed humoral anti- 
bodies at the beginning of the experiment and that one of the control 
rabbits, No. 0-65,  that received the typhoid vaccine was accidentally 
infected with active vaccine virus in spite of our efforts to prevent 
such an  occurrence.  As a  result  of repeated injections of inactive 
elementary  bodies  and  virus-free  filtrates,  respectively,  in  rabbits 
0-46  and 0-82,  considerable amounts of humoral antibodies, more in 
the former animal than in  the latter,  were developed, all  of which 
were gradually decreasing in amount when last investigated 114 days 
after  completion of the  series of injections.  Both of these  rabbits 
when inoculated with active  BH  and  culture viruses  seemed fully 
susceptible to infection.  In the control rabbits  2-69  and 2-70  that 
received  the  BH virus  at  the beginning of the experiment, the ag- 
glutinins and  precipitins, but  not  the neutralizing antibodies,  also 
gradually decreased in  amount during the  detention period of  114 
days.  However, when these rabbits were reinoculatedwith active BH 
virus, an almost complete resistance to infection was exhibited. 
It is obvious that  too few rabbits were used in Experiment 7 to 
warrant definite conclusions.  At  that time more animals could not 
be properly housed in our isolation room.  Nevertheless, when one 
examines the  results  of  Experiments 3  and  7,  it appears  that  the 
slight amount of resistance to vaccinal infection produced in rabbits 
by  repeated  injections  of  inactive  elementary bodies  or  virus-free 
filtrates of dermal virus tends to disappear rapidly, while that caused 
by active virus is more enduring. 
DISCUSSION 
In the study of infectious diseases the importance of an accurate 
knowledge of the response of animals to the inciting agents in an in- 
active as well as active state has long been recognized.  Such infor- 
mation leads to a  better insight into the mechanism of immunity in 
which multiplicity, lability, and stability of antigens, phenomena of 
infection, and intimacy, duration, and possibly persistence of infec- 
tion play important r61es.  With this increase of knowledge regarding 
immunity one may reasonably expect the appearance  of opportuni- 
ties to prevent certain diseases by means of vaccines made of inactive 90  VACCINAL  IM~UNIT¥ 
or attenuated agents or to improve methods of vaccination already 
in use. 
As pointed out earlier in the paper many investigations along the 
lines referred to have been made with vaccine virus, but, as indicated, 
practically all of the work is subject to criticism for one or more rea- 
sons.  Recent advances in the knowledge of vaccine virus have made 
it possible for us to eliminate certain of the sources of error by the 
use of preparations  of highly purified elementary bodies and virus- 
free  extracts  of  virus-infected  tissues  containing  specific  vaccinal 
antigens.  Great care was taken to be as certain as now is possible 
that  no active virus remained in the preparations  spoken of as in- 
active.  Furthermore, in view of the ease with which rabbits are ac- 
cidentally infected with active vaccine virus,  rigid isolation precau- 
tions were observed.  In spite of such precautions, 2 control rabbits 
and probably 1 test animal were accidentally infected with vaccinia. 
It is  obvious,  however, from the results  shown in  the seven tables 
that these accidental infections do not invalidate the conclusions we 
have drawn.  Nevertheless, they emphasize the fact that any work 
of this nature conducted with inactive vaccine virus in the absence 
of rigid isolation is valueless. 
It is apparent from the data presented that the repeated injections 
in rabbits  of large quantities of elementary bodies of vaccinia inac- 
tivated by small amounts of formaldehyde (0.3  per cent) led to the 
appearance in the serum of specific agglutinins, precipitins, and neu- 
tralizing antibodies as well as to the development in the animals of 
a  certain degree of resistance to  infection with vaccinia.  The  im- 
munity thus  induced was  slight  and  apparently  not  enduring,  and 
was best demonstrated by the use of a strain of virus of low pathogen- 
icity for the rabbit.  A  similar but less marked response followed the 
repeated  injections  of  virus-free  extracts  of  dermal  vaccine  virus. 
Furthermore, the inactive elementary bodies and virus-free extracts 
were less efficient antigens when similar amounts were given in single 
large  doses  instead  of repeated  small  ones.  Finally,  drastic  treat- 
ment (10 per cent formaldehyde or boiling for 2 hours) almost com- 
pletely altered or destroyed the antigenicity of elementary bodies. 
In a  certain number of the rabbits that had received repeated in- 
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ment 3) little or no apparent infection resulted from dermal, intrader- 
mal, and intratesticular inoculations of active culture virus.  Nor was 
there an appreciable increase in the amount of neutralizing antibodies 
in the serum of the animals after they had received this active virus. 
2 weeks after this test for resistance to infection with culture virus, 
another  test  was  made with  the  highly pathogenic  BH  virus,  at 
which time the rabbits were found still to be moderately susceptible 
to  vaccinia.  These results  are  different from those obtained with 
normal rabbits in which a good resistance to the BH  strain  of virus 
is developed as a  result of inoculations of active culture virus.  The 
inhibition phenomenon just  described  did  not  occur  regularly  and 
the mechanism of its production is not known. 
Recently,  Craigie  (36)  has  reported  that  there  are  at  least  two 
antigens in vaccine virus, one labile  (L), the other stable  (S).  Ac- 
cording to him, both antigens incite  the production of agglutinins 
and precipitins.  Furthermore, he suggests that the L  antigen may 
function in  the  production of  resistance  to  vaccinal  infection.  In 
view of the description of his methods, it  is  not unlikely that  we 
destroyed all or most of the L  antigen in our elementary bodies by 
the process of inactivation.  In any event, our preparations seemed 
to have caused no infection, and with them we obtained considerable 
amounts of humoral antibodies, including neutralizing ones, and some 
resistance to  infection.  Such results  are  not surprising because  as 
yet there is no reason  (37)  to  suppose that vaccine virus does not 
contain protein, and the injection of enough foreign protein into a 
rabbit  should induce  the  animal  to  respond in  some manner.  It 
remainS to be seen, however, whether with methods of inactivation 
less drastic than those used by us a  truly noninfectious virus can be 
obtained the repeated injections of which will cause a  greater degree 
6f resistance to infection. 
We found no evidence in our data to suppose that agglutinins and 
precipitins for  vaccine virus  are  different  antibodies.  Our  results 
have been interpreted as showing that agglutination and precipitation 
are due to the same antibody, or, if not, to different antibodies the 
production of  which was  not  independently stimulated.  On  the 
other  hand  we  observed  that  the  agglutinating  and  precipitating 
activity of the sera did not necessarily parallel their virus neutralizing 92  VACCINAL  IMMUNITY 
properties; a  high titer of agglutinins and precipitins was at  times 
associated in  the same serum with  a  slight amount of neutralizing 
antibodies and vice versa.  Furthermore, the presence of considerable 
amounts of neutralizing antibodies could not be taken as an indica- 
tion that the animals were protected against infection. 
If our elementary bodies were really inactive---there is no  reason 
to suppose that they were not--, then the neutralizing antibodies re- 
sulting from the repeated injections of them into rabbits  could not 
have been induced by an antigen produced by the hosts as a result of 
a  vaccinal infection (38).  One might suppose that such an antigen, 
having arisen in the animals from which the elementary bodies were 
obtained,  had  not  been  completely removed from  the  elementary 
bodies by repeated washing and was still operative.  All one can say 
to  such a  suggestion is  that  the virus-free filtrates  of the material 
from which the elementary bodies were obtained and which should 
have  contained large  quantities of the hypothetical antigen engen- 
dered by the host as a result of infection were considerably less effec- 
tive in inciting the production of neutralizing antibodies than were 
the washed elementary bodies. 
Although the results of our experiments show that a certain amount 
of resistance to vaccinia, probably not enduring, can be secured in 
rabbits  by  the  use of  inactive elementary bodies,  there  is  still  no 
reason to suppose that the use of such materials is suitable for the 
protection  of  human  beings  against  smallpox.  Each  rabbit  that 
developed resistance to vaccinia received all of the elementary bodies, 
suspended in  12 to  18 cc. of fluid, that were obtained from another 
rabbit infected over a  large area of skin (32).  Consequently, if the 
same amount of inactive elementary bodies per body weight were re- 
quired  to  induce  the  same  amount of resistance  in  man as  in  the 
rabbit, several hundred cubic centimeters of a very expensive vaccine 
would be required.  And then we would have no assurance that the 
vaccinated individuals would be protected against smallpox. 
S~/M:MARY AND  C01WCLUSI01~S 
Humoral antibodies and a certain degree of resistance  to infection 
with vaccinia, probably not enduring, are produced in rabbits by the 
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bodies  of  vaccinia  and  virus-free filtrates  of  dermal vaccine virus. 
Single  injections of large amounts of elementary bodies  are  not  as 
effective  as  similar  amounts  administered  in  small repeated doses. 
Drastic treatment (10 per cent formaldehyde or boiling for 2 hours) 
almost completely alters or destroys the antigenicity of elementary 
bodies. 
It appears that the production of precipitins and agglutinins does 
not parallel that of neutralizing antibodies and that  the mere pres- 
ence of such antibodies in the serum of a rabbit as the result of injec- 
tions of inactive elementary bodies does not necessarily indicate that 
the animal possesses a  great degree of resistance to infection with a 
potent vaccine virus. 
The  fact  that  some neutralizing antibodies  appeared  in  the  sera 
of rabbits that had received injections of inactive elementary bodies 
can  be  interpreted  as  indicating  that  at  least  not  all  neutralizing 
antibodies for vaccine virus are the result of a reaction to an antigen 
produced by  the host in consequence of a  vaccinal infection. 
No evidence was obtained to show that elementary bodies inacti- 
vated by our methods (0.3  per cent formaldehyde) would serve as a 
suitable vaccine for the protection of human beings against smallpox. 
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